1.. Introduction
================

Periodontal diseases, which include gingivitis (where the inflammation is confined to the gingiva and is reversible with dental care) and periodontitis (where the inflammation spreads, and results in tissue destruction and alveolar bone resorption), are the most common types of disease in humans worldwide ([@b1-br-0-0-718]). Tissue destruction, such as the breakdown of the collagen fibres of the periodontal ligament (PDL) and the loss of gingival tissue and alveolar bone, are characteristic of periodontitis, resulting in gradual weakening of the tooth-supporting tissues, which eventually leads to tooth loss. The condition is widespread. Severe periodontitis that threatens tooth retention affects 10--15% of adults in the majority of populations investigated and ranged from 1%, among 20- to 29-year-old, to 39%, among individuals \>65-year-old while moderate periodontitis affects 40--60% of adults in all populations ([@b2-br-0-0-718]). Therefore, periodontitis is a highly prevalent, chronic inflammatory disease, which has negative and profound impacts on many aspects of daily life ([@b3-br-0-0-718]).

2.. Associations between systemic diseases and periodontitis
============================================================

Periodontitis has been a controversial point of interest due to the identification of correlations between it and metabolic syndrome (MS). MS is a condition, which constitutes a group of risk factors that occur together and increase the risk for coronary artery disease, stroke and type 2 diabetes mellitus (DM) ([@b4-br-0-0-718]).

Important investigations into the underlying mechanisms linking periodontitis to systemic disorders have ensued, resulting in the development of a novel branch of periodontics termed 'periodontal medicine' ([@b5-br-0-0-718]). Since the first report of the association between periodontitis and systematic diseases, there have been constant novel discoveries. Along with five other complications (diabetic cardio-cerebrovascular disease, diabetic nephropathy, diabetic eye disease, diabetic neuropathy and diabetic sexual dysfunction) periodontal disease has been labeled as the sixth complication of diabetes ([@b6-br-0-0-718]). Thus, periodontitis and diabetes appear to interact. Clinical evidence provides strong support to the statement that periodontal infection contributes to the worsening of glycaemic control in individuals with diabetes ([@b7-br-0-0-718]). Respiratory disease and chronic obstructive pulmonary disease are other systemic disorders ranking the third and sixth most common causes of mortality worldwide in 1990, causing 4.3 and 2.2 million mortalities, respectively ([@b8-br-0-0-718]) and a cross-sectional study suggested that chronic obstructive pulmonary disease may be associated with severe periodontitis ([@b2-br-0-0-718]). The teeth and periodontium may serve as a reservoir for respiratory infection ([@b9-br-0-0-718]), and dental plaque maybe the important local source of the anaerobic bacteria, which cause pneumonia or other types of respiratory infection. Several mechanisms have been proposed to explain the mechanism by which oral bacteria participate in the pathogenesis of respiratory infection, including orally inhaled periodontal bacteria, periodontal disease-associated enzymes and cytokines ([@b10-br-0-0-718]). Cardiovascular disease (CVD) accounts for 29% of mortalities worldwide, ranking the second leading cause of mortality following infectious and parasitic disease ([@b11-br-0-0-718]). Until now, numerous studies that were based upon the inflammation hypothesis of CVD, considered periodontal diseases to be infection-triggered inflammatory diseases ([@b12-br-0-0-718]). Furthermore, various epidemiology experiments that have been conducted over the years have suggested a positive association between periodontal diseases and CVD ([@b12-br-0-0-718]). Characterized by an imbalance between bone formation and bone resorption, osteoporosis is the most common type of metabolic bone disease; periodontitis and osteoporosis share similar traits with regard to bone resorption ([@b13-br-0-0-718]). Although substantiated studies attempting to demonstrate the positive correlation between periodontal disease and osteoporosis have been performed, the majority of the studies are uncontrolled and cross-sectional in design ([@b14-br-0-0-718]); therefore, in order to elucidate the associations between these two diseases, further prospective studies are required.

3.. Periodontitis and liver diseases
====================================

### Non-alcoholic fatty liver disease (NAFLD)

Approximately one-quarter of the entire adult population in the world shows excessive hepatic fat accumulation, and NAFLD is the most common form of chronic liver disease encountered in developed countries ([@b15-br-0-0-718]). The prevalence of NAFLD throughout the world is speculated to be 20--30% ([@b16-br-0-0-718]), among obese patients the figure rises to 57--74% ([@b17-br-0-0-718]). NAFLD represents a wide spectrum of conditions, ranging from NAFL to non-alcoholic steatohepatitis (NASH) ([@b15-br-0-0-718],[@b18-br-0-0-718]). The diagnosis of NAFLD is often established following identification of elevated serum alanine aminotransferase (ALT) and γ-glutamyl transferase (GGT), which is most commonly used for screening of liver diseases in obese and asymptomatic patients ([@b19-br-0-0-718],[@b20-br-0-0-718]).

### Interactions between NAFLD and periodontitis

Thus far, a small number of studies have been conducted to identify the association between NAFLD and periodontitis, the majority of which have been performed in Japan. In a study conducted in a Japanese college, male students with a high level of serum ALT were identified to be significantly more likely to have periodontitis than those with a low level of serum ALT ([@b21-br-0-0-718]). As for females, the association between a higher ALT level and an increased risk of periodontitis was not found to be significant, which was in contrast to a previous study that indicated that the incidence rate of periodontitis in females aged 20--59 years was significantly increased with elevated serum levels of ALT ([@b22-br-0-0-718]). The author of the above-mentioned studies attributed this discrepancy to the differences in the age of the subjects and the sample size. Notably, it seems that the association between periodontitis and the serum levels of ALT is mutual. In a cross-sectional study with a large sample size that was conducted in Japan, researchers found that ALT and GGT levels were higher in patients with periodontal pockets(depth, ≥4 mm) when compared to healthy controls. Multiple logistic regression analysis with GGT or ALT as the dependent variable revealed that there was a significant association between periodontal pockets and GGT, even after adjusting for age, gender, cigarette smoking, alcohol drinking habits, and symptoms of MS ([@b23-br-0-0-718]). In a previous study, it was found that periodontal treatments improved certain liver function parameters, such as serum aspartate transaminase and ALT in NAFLD patients ([@b24-br-0-0-718]). Such periodontal treatments include oral hygiene procedures, including scaling, root planing procedures and application of minocycline hydrochloride.

### Liver cirrhosis (LC)

LC is a major, life-threatening health problem worldwide. LC is often a result of liver injuries of numerous different etiologies, leading to hepatocyte damage, hepatic inflammation and fibrogenesis ([@b25-br-0-0-718]). Furthermore, LC can lead to the development of hepatocellular carcinoma (HCC) ([@b26-br-0-0-718]). LC is histologically characterized by increased deposition in, and altered composition of, the extracellular matrix and the appearance of regenerative nodules. The destruction of the normal architecture of the liver and the loss of its functional hepatocytes prevent the liver from performing its normal detoxification, synthesis, and metabolic functions, eventually leading to portal hypertension and liver failure. From a clinical standpoint, LC is regarded as an end-stage disease, which results in mortality, unless a liver transplantation (LT) is performed ([@b27-br-0-0-718]).

### Interaction between periodontitis and LC

The association between LC and periodontal disease has been evaluated in previous studies. In one study, researchers identified that patients with non-alcoholic cirrhosis exhibited a tendency to have a larger clinical attachment loss (CAL) when compared with healthy volunteers, although no significant difference was found within any of the age groups. Notably, significant differences between healthy controls and patients with alcoholic cirrhosis were found in each age group ([@b28-br-0-0-718]). It has also been shown that patients with cirrhosis exhibited a worse periodontal status compared with healthy control individuals ([@b29-br-0-0-718]). Furthermore, studies found that patients who had suffered with cirrhosis for \>3 years exhibited greater CAL, dental plaque and calculus when compared to patients with \<3 years cirrhosis ([@b30-br-0-0-718]). The effects on periodontal health, which are brought about by LC may be due to decreased blood flow of the mucogingival junction ([@b31-br-0-0-718]) and increased levels of serum alkaline phosphatase ([@b32-br-0-0-718]). Thus far, the effect of periodontitis on LC has not been fully investigated. Therefore, more studies are required to better understand the link between these two diseases.

### HCC

HCC is the sixth most common type of cancer and accounts for \~9.2% of all cancer-associated mortalities ([@b33-br-0-0-718]). HCC is more common in males than in females and predominantly occurs in developing countries. The increasing trend is primarily due to a cohort effect associated with the hepatitis B and C viruses (HBV and HCV), the incidence of which peaked between the 1950s and 1980s ([@b33-br-0-0-718]). By contrast, in North America, Europe and Japan, the HCV infection is the main risk factor, together with alcohol abuse ([@b33-br-0-0-718]). Time trends of incidence of HCC in developed countries correspond tot he timing of HCV spread. In Japan and Europe, where the HCV infection spread earlier than in the USA, the incidence of HCC has almost reached a plateau and is declining in certain areas; however, in the USA, the incidence continues to increase and the infection may have a synergistic effect with other risk factors, such as NAFLD. In the majority cases, HCC is a multistage disease, the occurrence of which is linked to environmental, dietary and lifestyle factors ([@b34-br-0-0-718]). Unlike other types of cancer, HCC usually arises on a previously damaged organ, primarily in the setting of chronic hepatopathy, cirrhosis ([@b35-br-0-0-718],[@b36-br-0-0-718]), or in association with hereditary diseases, such as hemochromatosis, Wilson\'s disease and a-1-antitrypsin deficiency ([@b34-br-0-0-718]). However, in \~15--20% of cases HCC may occur in the non-fibrotic liver or in livers with minimal portal fibrosis without any septal fibrosis ([@b37-br-0-0-718]).

### Interaction between periodontitis and HCC

A number of studies have demonstrated the association between periodontitis and cancer. An epidemiological study reported a positive association between periodontitis and lung cancer mortality, in addition to other established risk factors for lung cancer ([@b38-br-0-0-718]). A cross-sectional study demonstrated that the loss of alveolar bone is considered an increased risk factor of tongue cancer ([@b39-br-0-0-718]). Furthermore, a hospital-based case-control study demonstrated that patients presenting with periodontitis were more likely to have poorly differentiated squamous cell carcinoma in the oral cavity compared with those individuals without periodontitis ([@b40-br-0-0-718]). Based on this evidence, novel discoveries were made regarding the link between periodontitis and HCC.

In a Japanese study, it was found that the stage of HCC is associated with periodontitis. A method called the Japan Integrated Staging (JIS) system ([@b41-br-0-0-718]) was applied to assess the severity of HCC. The JIS system, which is accepted by many institutions in Japan because of its simplicity and validity ([@b41-br-0-0-718],[@b42-br-0-0-718]), is based on a combination of the Child-Pugh score ([@b43-br-0-0-718]) and the tumor node metastasis (TNM) classification. The study demonstrated that HCC patients with chronic periodontitis had greater JIS scores and higher serum levels of total bilirubin when compared with the patients who had good periodontal and gingival health. Furthermore, a backward stepwise logistic regression model confirmed that progression of the JIS score was significantly associated with probing pocket depth. Increased serum levels of reactive oxygen metabolites (ROM) were also seen in HCC patients with chronic periodontitis when compared to those exhibiting good periodontal and gingival health ([@b44-br-0-0-718]).

### LT

LT is a treatment for HCC, which was first performed in the late 80s and early 90s ([@b45-br-0-0-718]). Early studies indicated a poor outcome with regards to survival rates and high tumor recurrence ([@b46-br-0-0-718],[@b47-br-0-0-718]). This was predominantly due to the fact that there were no standard criteria for selecting patients for LT ([@b48-br-0-0-718]). In 1996, a landmark study resulted in the development of enrolling criteria, commonly known as the Milan Criteria ([@b49-br-0-0-718]), which is designed to selectively enroll patients for LT and reduce the risk of mortality. Currently, LT is considered to be the best treatment option for HCC and cirrhosis for patients who fulfill the eligibility criteria.

### Interaction between periodontitis and LT

Various traits of periodontitis are associated with LT. Periodontitis-induced immunosuppression may encourage infections following LT. Therefore, an oral examination has long been a requirement prior to LT with the aim of eliminating oral foci of infection and, hence, preventing sepsis of oral origin ([@b50-br-0-0-718]--[@b55-br-0-0-718]).

A pilot study, which recruited 16 patients with end-stage liver disease and 16 control subjects with no liver diseases, showed that the end-stage liver disease patients exhibited a higher incidence of oral manifestations when compared with the control group, and had at least one oral disease or abnormality, which required dental treatment prior to LT ([@b56-br-0-0-718]). A study conducted in Finland, where 116 adult patients with a primary diagnosis of LC and who were due to undergo LT were examined. The study found that the number of tooth extractions, a surrogate marker of dental infections, was associated with a significantly reduced time required from the diagnosis of LD to LT. This association remained significant following adjustment for age, gender, LD etiology and the model for end-stage liver disease (MELD) score; additionally, alcoholic cirrhosis was the only other significant factor in the multivariate analysis ([@b57-br-0-0-718]). Another similar study, also conducted in Finland, confirmed that a lower MELD score was associated with fewer tooth extractions ([@b58-br-0-0-718]). Furthermore, the LT candidates with an end-stage liver disease and the highest MELD score usually exhibited various medical complications, such as severe ascites, malnutrition, variceal bleeding and infections ([@b58-br-0-0-718]). Premedications, such as antibiotic prophylaxis and coagulating agents, are often used to reduce the complications associated with dental treatments of patients with a severe LD, thus compromising the patients and rendering them at very high risk for dental treatment complications ([@b59-br-0-0-718]--[@b62-br-0-0-718]). Another study conducted in Brazil also showed that treating oral lesions, such as periodontitis before and after LT, seemed to result in reduced mortality ([@b63-br-0-0-718]). Unfortunately, despite the important role played by periodontal health in LT, those patients who are on the transplantation waiting list tend to neglect their oral health resulting in poorer oral statuses than the general population ([@b64-br-0-0-718],[@b65-br-0-0-718]).

4.. Mechanisms of periodontitis on LD
=====================================

### Effects of bacteria on LD

The microbial etiology of periodontal disease has been the focus of research for a long time. Approximately 400 species have been detected in the gingival sulcus, among them are *Porphyromonas gingivalis* (*P. gingivalis*) and *Tannerella forsythia*, which are widely regarded as major pathogens in periodontitis ([@b66-br-0-0-718]). Subgingival microbiota were classified into several complexes indicated by various colors; the colors (varying from red to yellow) have different connotations, with red being the most pathogenic and yellow being less invasive. Periodontal microbiota are more heterogeneous than earlier believed. In dentistry, gram-negative organisms were considered to be the predominant bacteria in periodontitis; however, gram-positive organisms found in deep, diseased sites are proposed to be the most important pathogens in periodontitis ([@b67-br-0-0-718]). Bacteria also have a negative effect on the liver. It is well known that patients with cirrhosis are at greater risk of bacterial infection ([@b68-br-0-0-718],[@b69-br-0-0-718]) and infections rate is 4- to 5-fold higher than the general population ([@b70-br-0-0-718],[@b71-br-0-0-718]). It is also reported that spontaneous bacterial peritonitis (SBP) is one of the most encountered infectious complications by patients with cirrhosis on the LT list ([@b72-br-0-0-718]). Thus, the present review evaluated a selection of the most studied bacteria that are associated with LD.

### P. gingivalis

*P. gingivalis* is a gram-negative oral anaerobe, which is a major cause of periodontitis. It participates in severe forms of periodontitis, and it is a prominent component of the oral microbiome and a successful colonizer of the oral epithelium ([@b73-br-0-0-718]). A series of reports over the years suggest that infection with *P. gingivalis* is associated with several systemic diseases, including CVDs, preterm births, low birth weight, rheumatoid arthritis, and DM ([@b74-br-0-0-718],[@b75-br-0-0-718]).

*P. gingivalis* is released from the sulcus into the bloodstream. Human trials and animal experiments have confirmed the presence of *P. gingivalis* in liver tissues ([@b76-br-0-0-718],[@b77-br-0-0-718]). Furthermore, the periapical granuloma, which served as a persistent and sustainable supply source of the *P. gingivalis* and its products, may lead to chronic liver injury ([@b77-br-0-0-718]). In a study where the incidence rate of *P. gingivalis* was compared between NAFLD patients and non-NAFLD control subjects, it was found that the detection frequency of the *P. gingivalis* infection in NAFLD patients was significantly higher ([@b24-br-0-0-718]). Notably, the detection frequency of *P. gingivalis* in the patients with NASH was also markedly higher than that of the non-NAFLD control subjects. In the same study, increased body and liver weights, accumulation of lipids in the liver, and increases in ALT and triglyceride (TG) levels were observed in high fat diet-induced steatosis mice that had received a direct injection of *P. gingivalis* ([@b24-br-0-0-718]). Animal experiments have also shown that dental infection of *P. gingivalis* may exacerbate the pathological progression of NASH from simple steatohepatitis to steatohepatitis with fibrosis ([@b77-br-0-0-718]). These results indicate that the presence of the *P. gingivalis* infection maybe an independent predictor for the development of NAFLD and may contribute to the progression of other LD.

### Aggregatibacter actinomycetemcomitans (A. actinomycetemcomitans)

*A. actinomycetemcomitans* is an exogenous bacterium, which is associated with periodontitis in young individuals and has the ability to produce virulence factors ([@b78-br-0-0-718]). Studies have shown that *A. actinomycetemcomitans* generates certain products, which may inactivate and evade immune defense. The most investigated products of *A. actinomycetemcomitans* are leukotoxin and repeats in toxin ([@b79-br-0-0-718]). A previous study showed that the injection of *A. actinomycetemcomitans* into mice induced immunosuppression and suppressed the IgG response to red blood cells ([@b80-br-0-0-718]). The administration of *A. actinomycetemcomitans* has also been reported to induce systemic inflammation in apolipoprotein E-deficient mice ([@b81-br-0-0-718]). In an animal study, *A. actinomycetemcomitans* was present in liver tissue after intravenously inoculating mice with live *A. actinomycetemcomitans*. and may have induced moderate hepatic inflammation. The *A. actinomycetemcomitans* infection displayed more severe inflammatory changes in the liver, which positively correlated with serum markers of inflammation, such as interleukin (IL)-1β, IL-12, IL-10, IL-6, tumor necrosis factor-α (TNF-α) and interferon-γ (INF-γ) ([@b82-br-0-0-718]).

### Periodontal bacteria and gut-liver axis malfunction

Numerous studies have demonstrated that gut-derived bacteria may contribute to the progression of LD ([@b83-br-0-0-718]--[@b86-br-0-0-718]). Although these studies focused on gut bacteria, it is hypothesized that these gastrointestinal bacteria may pass through the oral cavity and that certain bacteria may have arisen from the oral cavity. An animal study demonstrated that gut microbiota promoted absorption of monosaccharides in mice, which resulted in lipogenesis, and the bacteria responsible for this effect in mice were within the Firmicutes phylum. Additionally, *Selenomonasnoxia*, a gram-negative bacteria, which is found in the mouth and the gastro-intestinal tract, and participates in rapidly progressive periodontitis, was the only Firmicute that was significantly elevated in saliva ([@b87-br-0-0-718]). It has been estimated that \~1 gram of bacteria (10^11^ cells) is swallowed with 500--1,500 ml saliva each day ([@b88-br-0-0-718]). If the levels of S. noxia are \>1.05%, this represents \~10^9^ cells swallowed per day. It is therefore plausible that salivary microbiology would affect the formation of bacteria in the gastro-intestinal tract ([@b89-br-0-0-718]). The swallowed saliva of patients with periodontitis is reported to contain \~10^9^ bacteria/ml, in 1.0--1.5 litres per day, resulting in a total of \>10^12^ bacteria per day ([@b90-br-0-0-718]--[@b92-br-0-0-718]). As the bacterial flora of the oral cavity is distinct from that of the gut ([@b93-br-0-0-718]), it is possible that swallowed bacteria may affect the composition of the gut microflora. Notably, it has been reported that oral probiotic intervention alters gut bacterial composition ([@b94-br-0-0-718]). Thus, orally-originating bacteria may be significant in gut-liver axis malfunction and the link between the two requires further investigation.

5.. Pro-inflammatory mediators
==============================

Inflammatory mediators, such as IL-12/23, TNF-α, and IL-1 may lead to the recruitment of activated neutrophils, which causes hepatocyte and vascular endothelial cell injuries by releasing oxidants and proteases ([@b95-br-0-0-718],[@b96-br-0-0-718]). Human trials ([@b97-br-0-0-718]--[@b105-br-0-0-718]) and animal experiments ([@b106-br-0-0-718]--[@b108-br-0-0-718]) have confirmed the production of pro-inflammatory molecules in vivo and ex vivo in patients and animals with cirrhosis. The liver acts as the body\'s first defence against bacteria and microbial components. These pathogens, such as inflammatory mediators, which are present in the portal blood, generate the initial immunological and hormonal burden to the liver ([@b109-br-0-0-718]). Increasing evidence indicates that periodontitis-induced pro-inflammatory mediators may contribute to this burden.

### Cytokines and chemokines

The dental plaque, partly composed of gram-negative bacteria cell walls, which are formed of peptidoglycans, polysaccharides, proteins, lipids, lipopolysaccharides (LPSs) and lipoproteins ([@b110-br-0-0-718]), commonly exist in the oral cavity of humans, particularly in those who suffer from periodontitis. Stimulated by these components, the periodontal tissue produces inflammatory cytokines (such as IL-1β, IL-12, IL-10, IL-6, TNF-α and INF-γ) and chemokines \[such as monocyte chemotactic protein 5 (MCP-5), IL-8 and macrophage inflammatory protein-1α (MIP-1α), prostaglandin E2 and nitric oxide (NO)\] ([@b111-br-0-0-718],[@b112-br-0-0-718]). These pro-inflammatory cytokines are involved in the progression of LD, such as cirrhosis ([@b69-br-0-0-718],[@b113-br-0-0-718]--[@b115-br-0-0-718]). Oral bacteria are also important in the cytokine network. LPSs, released by periodontal bacteria, such as *A. actinomycetemcomitans* and *P. gingivalis*, affect the immune system by binding to Toll-like receptor (TLR)-4 or −2, oral bacteria also stimulate the expression of co-stimulatory molecules, cluster of differentiation (CD) 80/CD86 by binding to TLR4; and may participate in the activation of T-cells and exacerbate liver inflammation ([@b116-br-0-0-718],[@b117-br-0-0-718]). Kupffer cells, which express the highest levels of TLR4 in the liver, are the primary cells in liver inflammation that respond to LPSs in order to produce inflammatory cytokines, chemokines and reactive oxygen species (ROS) ([@b117-br-0-0-718]--[@b119-br-0-0-718]). In a previous animal study, it was confirmed that the administration of LPS generates changes in Kupffer cell function and increases liver parenchymal sensitivity to TNF-α in genetically obese mice ([@b120-br-0-0-718]). Additional animal experiments demonstrated that LPSs-induced TNF-α and its subsequent interaction with TLR2 signaling promoted NASH in mice ([@b120-br-0-0-718],[@b121-br-0-0-718]).

### Peptidoglycans

The peptidoglycans, components of the bacterial walls ([@b110-br-0-0-718]), of circulating oral bacteria may stimulate blood cells to produce cytokines. As with LPS, peptidoglycans contribute to the activation of immune cells by binding to the TLR2 receptor ([@b122-br-0-0-718]). Furthermore, peptidoglycans can be recognized by the complement system and specific receptors, thus resulting in the production of TNF-α, IL-6, IL-8, IL-1β, MIP-1α and NO in macrophages ([@b123-br-0-0-718]--[@b125-br-0-0-718]). It has also been shown that the levels of IL-6 specifically increased significantly following scaling (a dental practice often used to eliminate calculus), while the IL-8 levels decreased ([@b126-br-0-0-718]). Furthermore, studies have identified that patients with periodontitis exhibit higher levels of IL-6 in the sera when compared with healthy controls ([@b127-br-0-0-718]). The pro-inflammatory properties of peptidoglycans are different to those of LPSs, as the ligand of nucleotide binding oligomerization domain containing 2 is not a lipopolysaccharide, but a peptidoglycans ([@b128-br-0-0-718],[@b129-br-0-0-718]).

### Heat shock proteins (HSPs)

HSPs are believed to be the most immunogenic antigens produced by bacteria. The extensive homology that exists between human and bacterial HSPs indicates that HSPs may have a role in the progression of hepatitis. A previous study showed that patients with periodontitis exhibited decreased proliferative responses of peripheral blood cells to HSP when compared to control patients ([@b130-br-0-0-718]). Additionally, antibodies against human HSP60 and *P. gingivalis* GroEL were observed in the sera and inflamed gingival tissues of patients with periodontitis ([@b131-br-0-0-718]). Animal experiments demonstrated that bacterial infection may lead to elevated production of antibodies that target HSP60 (which is expressed in the endothelium of blood vessels at their bifurcation stressed area). The mechanism of antibodies binding to the surface of the endothelium may be a triggering process associated with inflammatory autoimmune disease ([@b132-br-0-0-718]). Analysis of the nucleotide sequences of the T-cell receptor in periodontitis lesions showed that human HSP60-reactive T-cell clones and T-cells share the same receptors. The cytokine profile analysis showed that HSP60-reactive peripheral blood mononuclear cells produced a significant quantity of IFN-γ in patients with periodontitis, and it is plausible that patients with periodontitis possess human HSP60-reactive T-cells with a type 1 cytokine profile ([@b133-br-0-0-718]).

6.. Oxidative stress
====================

Oxidative stress is an imbalance between the production and elimination of ROS, reactive nitrogen species (RNS) and free radicals, which causes DNA fragmentation, lipid peroxidation, and protein oxidation ([@b134-br-0-0-718]) leading to the loss of membrane integrity, structural and functional changes in proteins, and gene mutations ([@b135-br-0-0-718]). ROS and RNS are considered to be the most important liver toxicity mechanisms resulting from cell damage. The sub-gingival dental plaque is the main etiological agent for the initiation of inflammatory changes in the periodontal tissue and the cell component of bacteria, which exists in the dental plaque and recruits and activates hyper responsive polymorphonucleocytes, thus accelerating the process of ROS production.

Periodontitis and ROS
=====================

Various studies have demonstrated the effect of periodontitis on circulating ROS and oxidative stress. For example, thiobarbituric acid reactive substances, such as malondialdehyde (MDA), a biomarker commonly employed for lipid peroxidation, the levels of which are elevated, systemically, in plasma, in erythrocytes and locally in tissue homogenates, in patients with periodontitis ([@b136-br-0-0-718],[@b137-br-0-0-718]). MDA was also found to be raised in the gingival crevicular fluid (GCF) and saliva of patients with periodontitis, as compared to healthy controls. Furthermore, the GCF concentrations of MDA/4-hydroxyalkanal were 200- to 400-fold higher than the saliva concentrations, which reflected a substantially higher quantity of ROS activity in the GCF than the saliva ([@b138-br-0-0-718]). In a study where *P. gingivalis*-generated LPS (LPS-PG) stimulated PDL fibroblasts were established, the results demonstrated that nicotinamide adenine dinucleotide phosphate (NADPH) oxidase 4 (NOX4) levels significantly increased following hypoxic or inflammatory stimulation in PDL cells, and was accompanied by a significant upregulation of ROS and catalase ([@b139-br-0-0-718]). In a case-control study, lower levels of glutathione, catalase, and selenium were observed in the serum of patients with periodontitis when compared to those of the healthy control group and the difference was significant ([@b140-br-0-0-718]). Furthermore, it has been shown that periodontal treatment improves the circulating pro-oxidant/antioxidant balance in chronic periodontitis patients ([@b141-br-0-0-718]). In addition, studies have shown that non-surgical and surgical periodontal therapy was effective in reducing plasma ROMs ([@b142-br-0-0-718]--[@b145-br-0-0-718]). Based on these findings, it is proposed that periodontitis-induced ROS may be involved in liver injuries.

7.. Hypothesis
==============

Periodontitis and LD significantly impact health. The associations between periodontitis and NAFLD, LC, HCC, and LT have previously been investigated ([Fig. 1](#f1-br-0-0-718){ref-type="fig"}). Certain pathological features are shared by periodontitis and systemic diseases, such as DM and CVDs, may exert similar effects on the liver. Among the three mechanisms (including bacteria, pro-inflammatory mediators and oxidative stress), various bacteria exist in the dental plaque, some of which are more dominant in patients with severe periodontitis, may significantly contribute to the linking of other pathological mechanisms ([Fig. 2](#f2-br-0-0-718){ref-type="fig"}). Although periodontitis is a common disease, in the majority of cases, it can be prevented and cured. However, due to the fact that compared with other life-threatening diseases, such as LC and CVDs, periodontitis seems relatively harmless, it is common for patients with severe LD to neglect to their oral hygiene, even when they present with periodontitis. This phenomenon is not limited to patients; doctors also neglect the potential damage caused by periodontitis to the liver. The aim of the current review was to highlight the association between periodontitis and LD, in the hope that individuals who suffer from LD will attend to their periodontal health and, by employing simple dental health strategies, improve their liver condition.

In addition, all of the studies conducted thus far have ruled out viral hepatitis despite its high prevalence; with 350--400 million cases of chronic HBV infection ([@b146-br-0-0-718],[@b147-br-0-0-718]) and 170 million cases of HCV infection ([@b148-br-0-0-718]) worldwide. Furthermore, dentists are associated with a greater (3- to 6-times) chance of HBV infection than the general population, which is the highest rate of HBV infection among all healthcare workers ([@b149-br-0-0-718]). The risk of HCV transmission and cross contamination within dental practices has previously been reported ([@b150-br-0-0-718]). It is hypothesized that by administering dental care to patients with viral hepatitis in a more central manner, for example, by establishing a specific dental care facility exclusively for those patients may be beneficial to dentists and patients. Therefore, further investigations are required to investigate the potential effect of periodontitis on viral hepatitis, and increased collaborations between physicians and dentists are strongly advised.
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![Periodontitis and liver disease. Periodontitis elevates ALT and GGT levels in patients with NAFLD. LC patients exhibit greater clinical attachment loss while the possible effect of periodontitis on LC has not, to the best of our knowledge, been established. HCC patients with periodontitis are associated with higher JIS scores than those with a healthy periodontal status. LT patients with periodontitis require LT after a shorter period and have a lower MELD score resulting in fewer tooth extractions. NAFLD, LC, HCC, and LT patients have poorer periodontal status than general population. ALT, alanine transaminase; GGT, γ-glutamyl transferase; NAFLD, non-alcoholic fatty liver disease; LC, liver cirrhosis; HCC, hepatocellular carcinoma; JIS, Japan integrated staging; LT, liver transplantation; MELD, Model for End-Stage Liver Disease.](br-05-03-0267-g00){#f1-br-0-0-718}

![Role of periodontitis in liver inflammation. During periodontitis, periodontal tissue produces inflammatory cytokines and those inflammatory cytokines, along with other periodontal pathogens (such as periodontal bacteria and their components) translocate to the liver via blood circulation. LPSs released by periodontal bacteria stimulate Kupffer cells to generate cytokines by binding to TLR4 and TLR2, LPSs also stimulate the expression of co-stimulatory molecules CD80/CD86 by binding to TLR4. In addition, LPSs activate T-cells to generate cytokines. Peptidoglycans stimulate macrophages to generate cytokines, by recognizing specific receptors, and activate immune cells by binding to TLR2 receptors. Periodontitis-induced HSP60 stimulates T-cells to generate pro-inflammatory mediators. Periodontitis raises NOX4 and MDA, and lowers glutathione, catalase and selenium levels, which leads to the upregulation of ROS. The periodontal bacteria that translocates to the gut alters the gut microflora and contributes to gut-liver axis malfunction. LPS, lipopolysaccharide; TLR, Toll-like receptor; CD, cluster of differentiation; HSP, heat shock protein; NADPH, nicotinamide adenine dinucleotide phosphate; NOX, NADPH oxidase; MDA, malondialdehyde; ROS, reactive oxygen species; NK-cell, naturel killer cell; IL, interleukin; TNF, tumor necrosis factor; MCP-5, monocyte chemotactic protein 5; MIP, macrophage inflammatory protein; INF, interferon; NO, nitric oxide.](br-05-03-0267-g01){#f2-br-0-0-718}
